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=  (u  r)u  1

rp+ r2u+ f (2.1)
r  u = 0 (2.2)







un+1 = un +t( (un  r)un   1

rp+ r2un + f) (2.3)
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(u1n(i+ 1; j) + u
1
n(i  1; j) + u1n(i; j + 1) + u1n(i; j   1)  4u1n(i; j)) (2.6)
??????????????????????????????






(u2n(i+ 1; j) + u
2
n(i  1; j) + u2n(i; j + 1) + u2n(i; j   1)) (2.7)





























(p(i+ 1; j) + p(i  1; j) + p(i; j + 1) + p(i; j   1)  4p(i; j)) =
1
2h




















=  (u  r)T   cr( T   Tamb
Tmax   Tamb )














fbuo = b(T   Tamb)v (2.14)
????b???????v?????????????????
???????????????????????????






fconf = (N !) (2.16)
???????????????????!? ! = r u????????????












































































































Rp θ, ta 
















































Iopt(; n+ 1) = Iopt(; n) + (Rusr() R(; ta)) (3.1)
21
????Iopt(; n)? n????????????????? ?????????
???????????????????????Iopt(; n)???? Iopt(; 0)???
??????????



























































Rref (v(t);t) = a  ln(v(t)) + b (3.5)
??? a?b??????????t?????????????????a??? b
?t????????????????????? (3.5)?????Rref (v(t);t)
?????????????? R(; t)????????? Rp(; t +t)?????
?????
Rp(; t+t) = Rref (v(; t);t) +R(; t) (3.6)
????v(; t)?????? ?????????????????????? ?
??????????????????????????????????????


















































? dt? ????????? ? 0.1?
? dh? ????? ? 1.0?
? ? ?????? ? ? 1.010 9?
? b? ?????? ? ? 1.3?
? Tamb? ????? ? ? 0.0?
? cr? ????? ? ? 0.25?
? ck? ????? ? ? 1.010 8?
?N ? ??????????? ? ? 120 ?
? Iusr? ??????? ? ? 1.0?
? adj ? ????????? ? ? 1.0?
? a? ??????? ? ? 3.0?
? d? ??????? ? ? 3.0?
? ta? ????? ? ? 4.0?
? 3.2: ?????? 2??????????????????????
???????? ??????? ???
??? 1(? 3.6) 0.08?/???? 35.4? 120 120
??? 2(? 3.7) 0.08?/???? 39.1? 120 120
??? 3(? 3.8) 0.04?/???? ?? 23.5? 120 120
??? 4(? 3.9) 0.04?/???? ?? 27.8? 120 120
??? 5(? 3.10, 3.11) 0.05?/???? ?? 26.4? 120 120
??? 6(? 3.12) 0.08?/???? ? 120 120
? 3.3: 3????????????????
??????? 2????? ???
??? 3(? 3.8) 1.7?/???? 3 128 128 128
??? 4(? 3.9) 1.9?/???? 3 128 128 128


































































? 3.8: ???????????????? 1
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????????????????????? 3??????Vin(nx; ny; nz)???



































? 4.2???????????????????????? bi?????? vl??
?????????????????? vl???????????????????






































Axwx = cx (4.4)
????Ax?mm???????wx? cx?m??????????????wx
?????? wi;x????Ax? (i; j)?? aij;x??? cx? i????? ci;x???
???????
aij;x = bi;u  bj;u (4.5)
























??????????????????????Vi(nx; ny; nz)?V1(dnx; dny; dnz)























???? 128  256? 2???????????????? 4.3(a)????????
???????????????? 32 32 64????? 4.3(b)????????











??????????????????????????32  32  64??????




? 64  32  32?????? 256  128  128??????????? 96  96  60
49



























? 4.6: ? (a)???? (b)??
55
? 4.1: ???
Example n2D nlow nhigh
re (GPU) 128 256 32 32 64 128 128 256
smoke (GPU) 256 128 64 32 32 256 128 128
clouds (CPU) 384 384 96 96 60 384 384 240
? 4.2: ????
Example Tpre Tlow Tsynth Thigh
re (GPU) 48.72 sec 0.05 sec 0.34 sec 0.91 sec
smoke (GPU) 48.68 sec 0.04 sec 0.29 sec 0.85 sec



































































































































































(A+ I)w0(tn) = c(tn); (5.6)
????A??? I?N N ???????w0(tn)??? c(tn)?N ???????
????????I?????????A??? c?????E?????????






































Intel Core i7 2600K???? 16GB??GPU?NVIDIA GeForce GTX 680????
????????????????????? 5.1??????N ????????
Ndef ???????????????T ????????????????????
???ms=???????. ? 5.4???? 5.5?5.6?????256 256????











































Fig. 5.4 1024 { 120
Fig. 5.3(b) 400 6496 10
Fig. 5.5(b)(c) 1024 256320 140
Fig. 5.6(b)(c) 1024 256192 80
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